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ABSTRACT 


The results of experimental studies on the study of the expansion of the fluidized bed are presented. It is noted that 
the general picture of the expansion of the fluidized bed of polydisperse granular materials differs from monodisperse 
systems, and at the same time the porosity value of the pseudo-fluidized bed corresponds to the results of calculations 
according to the equations available in the literature. 
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1. INTRODUCTION 


One of the most promising methods for intensifying heat transfer is the use of a fluidized bed of solid granular 
material as an intermediate heat carrier. The main advantages of this method are: high values of heat transfer coefficients 
due to turbulization of the coolant flow by intensive mixing of the solid phase, a developed specific surface of the phase 
contact, the mobility of the suspended layer and the possibility of continuous circulation of the solid phase, a small hydraulic 
resistance of the fluidized bed, a relatively simple device design and the availability of their automation. , as well as the 
possibility of using this method in operating devices. 

The organization of fluidization of the polydisperse granular material of solid particles in the tubes of the heat 
exchanger eliminates the above disadvantages due to the destruction and turbulence of the near-wall layer of the liquid 
flow. However, the intensity of heat transfer from the surface to a liquid fluidized bed of a polydisperse granular material 
1s practically not studied. There are no data in the literature on the influence of the size and concentration of particles, the 
physical properties of the granular material and the fluidizing liquid, as well as the parameters of the fixed and fluidized 
bed, such as the porosity and height of the bed, on the value of the heat transfer coefficient. In engineering practice, it is 
especially important to be able to estimate in advance the specific flow rate of liquid required to transfer particles of a 
granular layer of various diameters and densities into a fluidized state. 

Recently, highly efficient tubular heat exchangers have been developed and successfully used in industry, in which 
a layer of granular material is used to intensify heat transfer and prevent scale deposition on the heat exchange surface, 
which is brought into a fluidized state during operation of the apparatus in an upward flow of the heat carrier. When using 
a fluidized bed as an intermediate heat transfer medium, a high degree of intensification can be achieved only when the 
heat exchange tube is completely filled with granular material. When calculating such devices, it 1s necessary to know the 
height of the suspended layer in the working, 1.e., expanded state. The expansion of the bed is one of the most important 
characteristics of the state of a_ fluidized system; therefore, its study is necessary. 


Il. MAIN PART 

Since it is almost impossible to control the height of the fluidized bed during the operation of heat exchangers, it 
is extremely important to know the dependence for calculating the height of the fluidized bed, taking into account all factors 
influencing it, for calculating and designing heat exchangers operating with a suspended bed. 

It is known that the height of the fluidized bed 1s determined from the condition of equality of hydraulic resistances 
of the fixed and fluidized beds by the formula [1]: 


H=H)(1-&)/(1-2) (1) 
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where H is the height of the fluidized bed; HO is the height of the fixed layer of granular material; ¢0-porosity of the fixed 
layer of granular material; ¢-porosity of the suspended layer. 

An experimental study of the expansion of the fluidized bed was carried out on a laboratory bench in glass columns 
with a diameter of 20, 22, 36, and 45.1 mm. The range of change in the velocity of the fluidizing agent (water) in the 
apparatus was 0.0018-0.67 m/s, the initial static height of the granular material layer varied from 10 to 20 cm.As a granular 
layer, particles of irregular shape were used: gravel, round glasses, lead and cation exchanger KU-2-8. The hydraulic 
resistance was determined by a direct method, 1.e. the impulse tube was installed directly above the distribution grid under 
the granular material. 

The average porosity of the fluidized bed was determined in a conventional manner. The rate of onset of 
fluidization remained unchanged for each fraction of particles and did not depend on the height of the fixed bed of granular 
material. The experimental values of this rate were in good agreement with those calculated by the Todes formula for all 
used fractions of granular material. 

Visual observations of the expansion of the suspended bed showed that in narrow tubes (with a diameter of 20 and 
22 mm) and at heights of a fixed bed of more than 15 cm, a piston fluidization mode 1s observed. When the granular material 
was fluidized with water in apparatus with diameters of 36 and 45.1 mm, there was no piston formation, and the bed 
expanded more uniformly than when the same particles were fluidized in pipes with diameters of 20 and 22 mm. 

In the experiments carried out, the porosity of the suspended layer and the degree of its expansion Hd / HO were 
also measured. Experimental data show (Fig. 1) that for all investigated particles the porosity of the layer in the entire 
interval of fluid velocities increases continuously and practically the same. Thus, it is proved once again that in the process 
under study, the state characteristic of fluidization at lower fluid velocities is not achieved, when the actual velocities in a 
wide range, changes in the fluid flow rate remain constant. The estimates show a continuous increase in the actual fluid 
velocity. These data also indicate that the nature of fluidization of heavy particles differs from fluidization of a layer of fine 
spherical particles. 


Hit. DISCUSSION 

The current values of the porosity of the fluidized bed in the full range of the fluidized state depend on the flow 
regime, characterized by the Reynolds criterion. Therefore, the experimental values of € calculated by formula (1) are 
presented as functions of the Reynolds number (Fig. 1). Each experimental point is the result of averaging data from at least 
three measurements. 

Expansion of the bed of solid particles fluidized by water, in comparison with gas beds, all other things being 
equal, in this case, a lower expansion ratio of the bed 1s observed, which is expressed by a large slope of straight lines. In 
all experiments, a clear upper boundary of the layer, the absence of a tendency to aggregation, and the practical equality of 
the theoretically calculated and measured pressure drops in the layer, typical for fluidization by a dropping liquid, were 
noted. 

Experimental data show that for all investigated particles, the porosity of the layer in the entire range of fluid 
velocities increases continuously and almost equally. The experimental points are located near straight lines, and practically 
have no kink. Thus, it is proved once again that in the process under study, the state characteristic of fluidization at lower 
liquid velocities is not achieved, when the actual velocities remain constant in a wide range of changes in the liquid flow 
rate. These data also indicate that the nature of the fluidization of heavy particles differs from the fluidization of a bed of 
fine spherical particles. 

With the expansion of the layer of solid particles, fluidized by water, in comparison with gas layers, all other things 
being equal, a lower degree of expansion of the layer 
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Fig. 1. Dependence of the layer porosity on the Reynolds criterion: 1- gravel particles, d = 1.3 mm; 2- gravel particles, d 
= 3.04 mm; 3-cation exchanger KU-2-8, d = 0.84 mm; 4-lead shot, d= 1.84 mm. 


CONCLUSION 

Expansion of a layer of solid particles fluidized with water was experimentally investigated. In all experiments, a clear 
upper boundary of the layer, the absence of a tendency to aggregation, and the practical equality of the theoretically 
calculated and measured pressure drops in the layer, typical of fluidization by a dropping liquid, were noted. 
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